A trial fibrillation (AF) is the most common arrhythmia worldwide with a reported prevalence of 0.4% to 2% 1 and a significant anticipated increase over the next several decades. [2] [3] [4] [5] The incidence and prevalence of AF are higher in men, 2, 3, 6 and increase with age. 3, 6 AF is associated with an increased risk of stroke 7, 8 death, 7,9-11 heart failure, 10 a reduced quality of life and with significant healthcare expenditures 12 incurred by treating this condition and its associated complications.
Most of the epidemiological data of the prevalence, incidence and consequences of AF are derived from North America and Europe. 6, 7, [13] [14] [15] [16] [17] [18] The rate of AF is different among different ethnic populations such as Indo-Asians 19 and African Americans 3, 20, 21 and varies considerably in different geographical areas of the globe 2,22,23 with wide variation not only in the prevalence of AF 2, 22, 23 but also in management and outcomes. 2, 22, 23 Of note, studies that used mostly hospitalization-based diagnoses of AF showed higher rates of AF 22, 23 and stroke 22 as compared with community studies. Studies that include patients diagnosed with atrial fibrillation at the hospital setting as well as those diagnosed in the community may provide more comprehensive and complete data of the distribution, management, and outcomes of this condition. There are few data derived from large community studies from non-North American or European countries on the epidemiology, management, and outcome of patients with AF.
The aim of the present study was to define the prevalence, incidence, management, and outcome of AF in a contemporary cohort of patients.
Methods Study Database and Population
Clalit Health Services (CHS) is, the largest health care maintenance organization (HMO) in Israel, with about 4 217 000 insured citizens that provides care to >50% of the adult population over the age of 21 and to >60% of adults older than 65 years of age. The system is characterized by extremely low annual turnover of <1%.
A historical prospective cohort study was conducted using the Clalit Health Services (CHS) database. Since 1998, with increasing comprehensiveness, CHS's information is kept in a central computerized data warehouse that includes demographic data, clinical diagnoses (based on hospital discharge diagnoses, primary care physician diagnoses, and specialist outpatient clinic diagnoses), laboratory data results, medical treatment, and medications (including date of prescription and quantity and time of medication dispensed). For the purpose of this study, all of the CHS members on January 1, 2004, age 21 and older were included in the registry for prevalence rate assessment.
Eight years incidence rate was assessed for Clalit members starting at January 1, 2004. Outcomes were extracted for 8 years of study period, between January 1, 2004 and December 31, 2011 for new AF cases during this follow-up period. Patients with diagnoses of severe mitral or aortic valve disease based on ICD9 codes or with any previous valve surgery or previous diagnosis of rheumatic heart disease prior to the diagnosis of AF were excluded from the study.
Variables Definitions
Atrial fibrillation was defined according to the International Classification of Diseases (ICD 9 diagnoses 427.31-3). Any patient designated with one of those codes at least once on either hospital discharge, outpatient clinic visits, or during family physician clinic visit during the study period was considered a case of atrial fibrillation. Seventy-four percent of our final study population was designated with the diagnosis of AF for 2 or more times. We chose to include any patient that was given the diagnosis to create an inclusive database, including early and milder cases of paroxysmal AF as well, and avoid underrepresentation of these earlier forms of AF, since recent data suggests that even asymptomatic AF has prognostic importance. For the purpose of the present analysis we did not differentiate cases of atrial flutter (427.32) from AF. Given the frequent overlap between flutter and AF and difficulties in ascertaining the accuracy of differential diagnostic coding and given similarities in treatment we elected not to distinguish fibrillation and flutter. Based on the database we could not distinguish reliably between cases of paroxysmal and nonparoxysmal atrial fibrillation.
Prevalence and Incidence
Prevalence was calculated based on the number of patients with the diagnosis of AF (ICD 9 codes 427.31-3) on January 1, 2004 divided by the total number of patients alive at that time (n=2 414 282). Incidence was calculated in the population, after excluding any patients with a preexisting diagnosis of AF, based on the number of new AF cases during the time period January 1, 2004 to December 31, 2011 divided by the number of persons at risk during that time and given as number per person year at risk. Only patients with at least 3 consecutive years of enrollment in Clalit health services prior to the index date of new AF diagnosis were included, to exclude misclassification of preexisting AF cases as new cases. To provide a detailed and comprehensive description of the epidemiology of AF in Israel analyses are presented by gender and age.
Concomitant Medical Conditions and Medical Treatment
Medical conditions preexisting the index date were recorded. Medical diagnoses given during hospitalizations, by primary care providers or by specialists, are coded based on ICD-9 codes and an internal coding system is utilized to integrate, cross check, and validate both hospital and community diagnostic coding. Laboratory values are also available through this central database as are data relating to medical treatment. Since CHS pays for the medical treatment prescribed for its patients there are data as to start date, stop date, and duration of medical treatment. For the purpose of the present study, medication was considered as received regularly when a prescription medication was dispensed for >3 months on a calendar year during the study period. Similarly, Warfarin treatment was defined when a patient with AF received a prescription for Warfarin and the prescription was dispensed for >3 months in a calendar year after the index date of AF diagnosis. We used this restrictive definition since we have shown previously that this is more effective in detecting noncompliance than standard dispensary based counts. 24 In addition we chose the >3 months use as cut-off, since medications in CHS are usually dispensed for 3 months (a quarter) and dispensing for >3 months marks a second visit for collection of medications and hence a higher likelihood of persistent use of a given medication. 24 
Outcome Data
The primary outcomes that were systematically collected are all-cause death, ischemic stroke, myocardial infarction (MI), and the combined end point of death, MI, and ischemic stroke. 
Statistical Analyses
Incidence and prevalence of AF are reported per 100 000 person-year at risk separately in men and women by age groups. Differences in crude and age-adjusted prevalence and incidence rates between genders were assessed by the Mantel-Haenszel chi-square test. Differences across age groups were assessed by using a linear regression of logtransformed values on time in each age group, and testing the interaction of age and gender. Individual time in therapeutic range (TTR) was calculated among patients treated with Warfarin based on Rosendaal's linear model. 25 Briefly, all of the INR test results, values, and dates, were extracted for each individual patient, creating an individual time series of INR level. Based on Rosendaal's method linear interpolation was used to determine the times at which the patient entered or exited the therapeutic range (ie, INR levels 2 to 3). The times of range entry were subtracted from the subsequent times of exit to establish the time within range for a single period. These periods were then summed to establish total time within range. Differences between normally distributed continuous or categorical variables were assessed by using the Student t test and the chi-square tests, respectively. In patients with incident AF, Kaplan-Meier survival analysis was used to create survival curves and describe the risk of ischemic stroke or death over time, following the index date of AF diagnosis. All statistical analyses were performed using the SPSS statistical software version 20 (SPSS Inc, Chicago, IL) and in R version 2.14.2 (R Foundation for Statistical Computing).
The study was approved by the central ethics institutional review board of CHS.
Results

Prevalence and Incidence of AF
Prevalence of AF
There were 71 644 patients with AF out of 2 414 282 patients on January 1, 2004 giving an overall prevalence of 3.0% in the adult population older than 21 years.
Age and gender specific prevalence (per 100 000 persons) are shown in Figure 1 . The crude prevalence rates of AF were 2.91% in men and 3.01% in women. Age adjusted rates were 3.19% (95% CI; 3.16 to 3.23) in men, and 2.79% (95% CI; 2.77 to 2.83) in women (P<0.001). The prevalence of atrial fibrillation was higher in men as compared with women at any age group (Figure 1 ), and it increased in both men and women with increasing age. In men it increased from 170.0 per 100 000 patients at risk (0.2%) in those <35 years of age, to 15 184 per 100 000 patients at risk (15.2%) in those >85 years of age. The corresponding prevalence rates in women were 150 (0.15%) per 100 000 in women <35 years of age and 12 577 (12.6%) per 100 000 in women >85 years of age ( Figure 1 ). The increase in prevalence across age groups was highly significant in men and women (P<0.001).
Baseline Characteristics of Incident AF Cases
After excluding the prevalent AF cases among the remaining AF-free adult population (n=2 342 638) we were able to identify between January 1, 2004 to December 31, 2011, 116 637 patients with incident new AF who met the inclusion criteria. After excluding patients with significant valvular disease and previous valve surgery (n=17 826) we remained with a cohort of 98 811 patients with incident new nonvalvular AF (Figure 2 ).
Age-and gender-specific incidence rates are given in Figure 3 . The incidence (per 10 000 person year at risk) of AF was 635 in men as compared with 575 in women. Corresponding age-adjusted incidence rates were 699 (95% CI, 693 to 704) in men as compared with 529 (95% CI, 524 to 533) in women P<0.0001. The incidence was significantly higher among men at any age group and it increased from 47.7 at age <35 to 4427.6 in men >85 years of age and from 36.7 at age <35 to 3790 in women >85 years of age ( Figure 3 ). The increase in incidence across age groups was highly significant in men and women (P<0.001).
There were 49 275 (49.8%) women and 49 536 (51.2%) men. The mean age was 72 years (70 in men and 74 in women). Other clinical and baseline characteristics are given in Table 1 . The most common comorbid conditions were hypertension, diabetes mellitus, smoking, and previous coronary heart disease. There were 6080 patients (6.2%) with previous ischemic stroke. As compared with the total CHS adult population patients with AF were significantly older, and had a significantly higher rate of other comorbidities (Table 1) . Table 2 provides details as to other concomitant cardiac medications given to the patients with AF. The most commonly used medications were beta-blockers, angiotensin-converting enzyme inhibitors, and calcium-channel blockers. Antiarrhythmic use was relatively uncommon as compared with other medications and the most common antiarrhythmic was Amiodarone. Digoxin was used in 6.2% of the patients. Among the general CHS adult population use of medications was significantly lower as compared with the AF population ( Table 2) .
Medical Treatment Among Patients With Incident AF
Distribution of Risk and Warfarin Treatment
Warfarin was used within 90 days of the index diagnosis in 22.8% of our study population and the rate increased to 26.3% within the first year after the index diagnosis. Persistent use of >3 months of treatment was observed in 25.7% of the patients with incident AF. Persistent use of Warfarin was 29.7% in 2004 to 26.4% in 2011 (P<0.01).
The breakdown of patients according to their CHADS 2 and CHA 2 DS 2 _VASC scores and rate of Warfarin use in each category are shown in Table 3 .
Warfarin was regularly used during the study period in only 25 428 patients (25.7%). The rates of Warfarin use increased with increasing CHADS 2 and CHA 2 DS 2 _VASC risk score categories ( Table 3 ).
The time in therapeutic range-TTR (INR between 2 to 3) among those that were treated with warfarin in our cohort was 42% of the time. Among those treated with warfarin, only 40.8% of the patients had a TTR >50% of the time ( On multivariate analysis, we found that hypertension, diabetes, age >65, and increased CHADS 2 and CHA 2 DS 2 _-VASC risk scores were independent predictors for use of warfarin.
Outcome
Over an average follow-up time of 48.8 months the incidence rate (per 1000 person-year at risk) of ischemic stroke increased from a rate of 3.88 among those aged <55 at diagnosis to 16.4 in those aged 75 to 84 ( Figure 5 ). Likewise the rate of death was directly related to age ( Figure 6 ). Similar trends were seen in men and women. The rate of stroke increased from 2 (per 1000 person-year at risk) in patients with CHA 2 DS 2 _VASC SCORE of 0, to 58 in those with a score of 9 and from 3.5 per 1000 person-year in patients with a CHADS 2 score of 0, to 55 in those with a score of 6. Figure 7 shows the risk of death ( Figure 7A ) and stroke ( Figure 7B ) over time in the AF incident cases.
Discussion
The present study provides data of the incidence, prevalence, management, and outcome of a large contemporary cohort of patients with incident atrial fibrillation from outside North America or Europe. Our data are unique in the sense that they provide robust contemporary epidemiological data of a very large population from the community as well as patients that were diagnosed during hospitalization. There is data captured from diagnoses collected in the community and integration with hospital discharge diagnoses. Thus, the data are comprehensive and cover the entire spectrum of possible sources of information. The present analysis provides data not only of the extent of atrial fibrillation, but also data about antithrombotic management and its quality (ie, TTR) as well as outcome data in terms of stroke and death.
Prevalence
The overall prevalence of AF was close to 3%, very similar to that reported recently in Sweden (3.2%) 26 in a study that was similar to the present study. It was conducted over a similar time period (2009, 2010), and in a population similar to ours in respect to age (persons older than 20 years of age) and it included hospital as well as community diagnoses. Similar prevalence rates were reported in recent contemporary community studies from the USA 3,5,21 and Europe. 18, 27 ranging from 1% in studies that included patients from the community and that included people as young as 20 years of age 3,5 and up to 5.5% in studies that included hospital-based diagnoses and older patients. 18, 21, 27 In the present study, the prevalence of AF increased with age to as high as 15% in men and 12% in women older than 85. The prevalence rates of AF in most studies worldwide were positively associated with age and were higher in men as compared with women across age groups 2, 5, 18, 21, 22, 27, 28 .
There are few large-scale community studies outside the US and Europe that report the prevalence of AF and these differ significantly in reported rates. 2, 22, 23 Differences in prevalence rates across studies were related to geographical region and demographic origin but also to populations studied (ie, stroke survivors, patients in cardiology wards or general in-patients wards, or from the community). Reported prevalence rates are lower in community studies ranging between 0.1% to 4% 22 as compared with hospitalization records studies ranging from 2.8% to 14%, 22, 23 and up to 28% to 50% among hospitalized stroke survivors. 23 The reported prevalence rates in the present study, which integrates community and hospital sources, are in the higher range of previously reported rates from the community globally and should assist policymakers in prioritizing resources towards management of AF as a significant health problem.
Incidence
The incidence of AF was directly related to age, it was 0.5 and 0.4/1000 person-years in men and women aged <35 and increasing to 44 and 38/1000 person-year in men and women >85 years of age. The incidence of AF was higher in men across all age groups. The reported incidence rates in the present study are similar to those reported recently in contemporary community studies from the United States ranging from as low as 0.7 (per 1000 person-year) in younger patients to 47 among the elderly 20 and it increased from 13 among those 65 to 69 years of age (per 1000 person-year) to 69 among those >90 in a study that included Medicare beneficiaries >65. 21 Similar rates were reported in Olmsted County, Minnesota, 4, 20, 21 the Rotterdam study, 18 and Germany. 27 Studies of the incidence of AF outside the United
States and Europe are limited and the reported incidence varied considerably. 2, 22 Our study is unique in the size and stability of the general population studied, the comprehensiveness of our data sources, and the ability to integrate the incidence data with treatment practices. The reported incidence rates of AF and the association with age and male gender are in agreement with the findings of a recent a global survey of AF. 2 
Comorbid Conditions
The most common comorbidities associated with AF in our study cohort were hypertension, diabetes mellitus, coronary heart disease, and smoking. These associated conditions were also reported in other series of patients with AF [3] [4] [5] 27, 29 and probably explain the similar prevalence and incidence rates of AF reported in our study cohort as compared with other studies. These associated conditions emphasize the complexity of care of patients with atrial fibrillation and the need to treat other comorbid conditions. In particular, hypertension was present in 80% of our study cohort, reflecting its importance not only as a comorbidity that increases the risk of adverse outcomes but also as an important underlying cause of AF.
Patient's Risk of Thromboembolism
In the present study 64.5% of the patients were in CHADS 2 score ≥2 (high-risk group) and 86.7% were categorized as high risk according to CHA 2 DS 2 _VASC risk score. Similar rates of high-risk category according to CHADS 2 were recently reported in patients with permanent AF by Chiang et al in a recent international survey, 29 in the Global Anticoagulant
Registry in the FIELD (GARFIELD) study, 30 in participants of the SPORTIF III and V trials (67% and 94.2%), 31 in the BAFTA trial of elderly patients with AF (69% and 100%), 32 and in a recent European survey. 33 Slightly lower rates of patients with CHADS 2 and CHA 2 DS 2 _VASC scores ≥2 (47% and 79.7%) were reported by Olesen et al in a Danish registry based on hospital discharge diagnoses 34 and in a recent study from Alberta, Canada (50% and 78.4%). 35 and different data sources (ie, community diagnoses versus hospital-based diagnoses) could account for these small differences.
The rate of chronic use of oral anticoagulants (OAC), primarily warfarin, was low in the present study with an overall rate of persistent use of 25.7% in our entire group and a higher rate of OAC use (27.7%) in higher-risk patients as compared with low-risk patients (10.5%) ( Table 3) . Patients with higher-risk scores were more likely to be treated with warfarin and accordingly age >65, hypertension and diabetes were independently associated with use of OAC.
There is inconsistency in reported use of OAC among AF patients from different parts of the globe ranging between as low as 2% to 3% and high as 88%. 22, 23, 36 Some of the differences are related to geographic region, some to the baseline risk of patients. Studies that were hospital based included mainly high-risk patients. It seems that the use of OAC is higher in Western Europe and North America as opposed to other regions. The overall reported rate of OAC use in AF patients ranged from 70% to 80% and it was around 90% in patients at highest risk of stroke in studies from Europe. 33, 36, 37 In contrast, other studies reported lower rates of OAC use. In a large cohort of AF patients from Sweden the rate of warfarin use was significantly lower at 40%, 38 which was somewhat higher than the rate in the present study. The definition of OAC use in that study relied on collection at pharmacy within 3 months before or after the index diagnosis without taking into account subsequent use or discontinuation. We used a restrictive definition of regular OAC users, that required at least 4 dispenses of prescribed OAC in the pharmacy during a calendar year to be counted as an OAC user, a methodology that we have shown is more effective in detecting noncompliance than standard dispensary based counts. 24 This difference in definition of "chronic OAC use" could account for the difference between these studies and ours. Similarly the rate of OAC use was 50% to 54% among different risk categories in a recent study from Alberta, Canada significantly lower than that reported in Europe. 39 In contrast to our analysis that study provided information of warfarin use only in patients older than 65 years of age and defined users as those that were prescribed (but not necessarily filled or collected the prescription) OAC during the 90 day period after the index diagnosis date. Similar rates of OAC use were reported in the GARFIELD study 30 and in a study from Scotland that used prescribing information and showed a warfarin rate of use of 42%. 28 A recent study from the United States showed that the rate of persistent use of warfarin among AF patients ranged from 24% to 39% a rate that is similar to that reported in the present analysis-and the median length of stay on warfarin ranged from 135 to 222 days depending on the definitions used. 40 In a recent global registry of patients with AF the rate of warfarin use was 30% overall, with a wide range of use in different parts of the globe with lowest rates in China and India and highest in North America and Western Europe. 41 Despite that, the rate of regular OAC use in our cohort was still surprisingly low -a finding that may be related to our utilizing hospital-based, specialist-based, and family physician-based diagnosis. It is possible that since our study included new incident AF cases, some of them, especially those with relatively uncommon paroxysms of AF, may have been perceived as "milder" forms of AF not necessitating chronic OAC use. Such a false notion may lead to under treatment with OACs. Major efforts are needed to study the causes for lack of OAC prescription and use, and to encourage both physicians and patients to use these highly effective medications to decrease and prevent adverse outcomes such as stroke and death. It is possible that with new oral anti-coagulants the rate of permanent use will increase. But this requires confirmation with further studies.
Many epidemiological and population studies did not have access to INR test results and did not provide these data. Our study enabled us to evaluate all the INR test results the patient had during the study period. The quality of OAC treatment as assessed by the individual TTR in the present study was modest; only 42% among those that were treated with OAC had effective treatment. This rate is in the midrange of TTR reported in other randomized and observational studies. The TTR was 48.6% in a recent global registry ranging from 33% to 62% in different parts of the globe. 41 A recent study from the United States showed similar rates of TTR ranging from 48% in patients recently started on VKA antagonists, to 57% among those on VKA for >6 months. 42 Only 40% of our patients had a TTR >50% of the time. These findings call for measures to improve quality of OAC treatment either by more accessible and convenient INR testing using point-of-care assays with warfarin dose adjustment at home or the institutionalization of specialized dedicated OAC clinics. It is possible that by switching to medications with a more predictable effect such as the new direct anti-thrombins and anti-Xa inhibitors, this problem will be neutralized. Such interventions could improve TTR and potentially reduce the rate of stroke and adverse outcome of patients with AF.
Outcome
The rates of stroke and of death were directly related to age. Similar mortality rates and association with age were recently reported by Andersson et al. 11 In that study as well as in the Framingham Heart Study, the Women's Health Study, and in several other studies, AF was associated with increased mortality risk as compared with counterparts without AF, even after accounting for other comorbidities. 9, 17, 43 The incidence rate of ischemic stroke was related to age in both men and women, increasing until the age of 84 and decreasing slightly thereafter in both genders ( Figure 5 ). This decrease in patients >85 years of age, was probably related to competing mortality risks, which showed a sharp increase in incidence rate in both men and women with AF >85 years of age. The rates of ischemic stroke in the present study are comparable to those reported in the Loire Valley Atrial Fibrillation Project 44 in Denmark, 45 in the United States, 46 and in Canada 47 but are somewhat lower than those reported in other studies mostly from Europe. 38, 48 Several factors may explain our lower reported rates. First, we excluded the diagnosis of transient ischemic attacks (TIA) and included only patients diagnosed with ischemic strokes. Secondly our analysis included patients who were on OAC as well those not on OAC. In addition, our rates of ischemic strokes in this contemporary cohort could be lower than those reported previously as a result of decline in the incidence of stroke overtime as repeatedly reported possibly due to improved anticoagulation and control of other risk factors such as hypertension. 45, 49, 50 An alternative explanation may be the greater comprehensiveness of our database. We, by design included patients diagnosed with AF from the communitysome of them have never been hospitalized and probably represent lower risk patients. This case definition will include less morbid patients and possibly less adverse outcomes such as strokes. We cannot entirely exclude underreporting or under documentation of ischemic strokes despite regular inspections and validation of our database by using algorithms designed to minimize such occurrences.
Limitations
Several limitations are worth discussing. First, any large-scale epidemiological database that relies on diagnoses is prone to errors made by either community or hospital physicians.
Although an independent adjudication of morbid outcomes was not done in our particular study population, such errors are kept to a minimum in our integrated database by periodical assessment and corroboration of diagnoses and of patients' charts to assess reliability and routine algorithm-driven comparisons and cross checks of hospital and community coding. Reliable differentiation between paroxysmal, persistent, and permanent AF could not be performed and we did not distinguish between atrial flutter and atrial fibrillation. In addition, we did not report data on aspirin use since many patients use aspirin as an over-the-counter medication and these data were not available or recorded systematically.
Despite these limitations we believe the strength of our report is based on the size of the database, the comprehensive nature of healthcare coverage in Israel assuring widespread access and participation, low annual patient turnover, our inclusion of the new cases of non-valvular AF, access to all laboratory tests and access to all hospitalizations, and medical treatment, thus providing a unique set of data that can provide both baseline data at time of diagnosis and also management as well as outcome.
Conclusions
The prevalence and incidence of AF in the present contemporary cohort was similar to that reported in other observational studies. Patients in our cohort had similar comorbidities and outcome as that reported in other studies.
However, the use of OAC in our population was low as compared with other studies and the TTR was also relatively low. Despite that, the rate of stroke and mortality rates were similar to those reported by other epidemiological studies. This suggests that our broader definition base incorporates a wider spectrum of milder cases of atrial fibrillation.
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